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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS PACIFIC AIR FORCES
APO SAN FRANCISCO 96553

PROJECT CHECO REPORTS

The counterinsurgency and unconventional warfare environment of
Southeast Asia has resulted in USAF airpower being employed to meet a
multitude of requirements. These varied applications have involved the
full spectrum of USAF aerospace vehicles, support equipment, and manpower,
As a result, operational data and experiences have accumulated which should
be collected, documented, and analyzed for current and future impact upon
USAF policies, concepts, and doctrine.

Fortunately, the value of collecting and documenting our SEA expe-
riences was recognized at an early date. In 1962, Hq USAF directed
CINCPACAF to establish an activity which would provide timely and analy-
tical studies of USAF combat operations in SEA and would be primarily
responsive to Air Staff requirements and direction.

Project CHECO, an acronym for Contemporary Historical Examination
of Current Operations, was established to meet the Air Staff directive.
Based on the policy guidance of the Office of Air Force History and
managed by Hq PACAF, with elements in Southeast Asia, Project CHECO
provides a scholarly "on-going" historical examination, documentation,
and reporting on USAF policies, concepts, and doctrine in PACOM. This
CHECO report is part of the overall documentation and examination which
is being accomplished. It is an authentic source for an assessment of
the effectiveness of USAF airpower in PACOM when used in proper context.
The reader must view the study in relation to the events and circumstances
at the time of its preparation--recognizing that it was prepared on a
contemporary basis which restricted ?erspective and that the author's
research was limited to records available within his local headquarters
area.
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FOREWORD

(U) The introduction of laser guided bombs (LGBs) and electro-optical
guided bombs (EOGBs) into the United States Air Force (USAF) inventory
revolutionized the air war in Southeast Asia. Targets which had with-
stood repeated ;onyentional attacks by bombers--such as the Thanh Hoa
Bridge in North Vietnam--fell quickly to the new weapons. Statistical
studies made of the success rate of these weapons demonstrated that they
were many times more effective than conventional weaponry on point targets.]
(S) In spite of this impressive record, the guided bombs were not as
effective as they might have been. While they performed exceedingly well
under 'optimum weather conditions, marginal to unfavorable atmospheric
conditions degraded the capability of the aircrew to visually acquire the
target. If the targets could be visually acquired by the aircrews at
roll-in altitudes, they could be effectively attacked; if they could not
be visually acquired, the LGB's effectiveness was eliminated;since
delivery was not possible unless special techniques were employed.* In
the opinion of this author, weather was a more significant and detrimental

factor than had been previously reflected in mission reports and other

*A limited adverse weather LGB delivery capability was successfully demon-
strated during the PAVE NAIL OV-10 combat evaluation. OV-10s equipped with
laser designators and operating below cloud cover located and illuminated
targets for PAVE PHANTOM F-4s which would deliver MK 84 LGBs from in or

above the clouds. The F-4 aircraft released the LGBs on LORAN coordinates
provided by the 0V-10s. Once these weapons passed through the clouds, they
would guide to ;ng"targgt_ggjn? designated by the PAVE NAIL aircraft., Of
the 12 MK 84 LGBs delivered using this tactic, three achieved direct hits

on the target, one impacted at a distance of seven feet from the target, four
at 11-20 feet, one at 27 feet, one at 40 feet, and two in excess of 50 feet.

xi
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studies. In part this was the result of the crews' unfamiliarity with

the sometimes subtle variances in atmospheric conditions that could degrade
their weapon's effectiveness. Increased understanding of the relation-
ships between weather conditions and guided bomb performance on the part

of weathermen, crews, and mission planners could possibly increase guided

bomb effectiveness in the future.
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CHAPTER I
TECHNICAL ASPECTS OF THE EFFECT OF ATMOSPHERIC
CONDITIONS ON GUIDED BOMB OPERATIONS
The LGB
(S) PAVEWAY I was the code name given to a family of air-to-surface
weapons--the LGB.2 The laser guided bombs consisted of guidance and con-
trol kits attached to the noses of certain standard high explosive bombs.
No propulsion was used. The guidance and control kits consisted of (1) a
seeker to detect 1.06 micron laser energy reflectea from a target illum-
inated by an airborne laser, (2) guidance electronics to process this
information and generate guidance commands, (3) fins to provide stability,
and (4) a contrel section with control fins to perform guidance maneuvers.
The common types of LGBs emp]oyed‘;ére the MK-82 500 pound B;hb with the
KMU-388/B kit, the MK-84 2,000 pound bomb with the KMU-351/B kit, and the
M118 3,000 pound bomb with.the KMU-370B/B kit. The seeker was gimbal mounted
on a probe at the nose of the guidance and control kit. Wind passing through
a ring-tailed fin on the seeker aligned the seeker head with the flight path
of the weapon, The seeker had a 24-degreé field of view, with its detector
divided into quadrants. The reflected laser energy was focused onto a
quadrant, developing guidance signals to maneuver the bomb so that the
target was centered on the seeker head.3
(S) Illustrative of the airborne PAVEWAY I illuminator system lasers
used to designate the ground target was the one called WHITE LIGHTNING

or Z0T. This laser employed a neodymium doped glass rod as the primary
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energy producing element. The rod was excited by a Xenon flash lamp for

a period of 40 nanoseconds, 10 times a second, and produced a bear of 1.5
megawatt intensity. A narrow bandpass filter (bandwidth 0,015 microns)
passed only energy centered at 1.06 microns. The laser was aimed by means
of a four-power sighting telescope with a field of view of 12 degrees.

The laser beam aiming point and telescope cross hair image coincided. The
reflected laser radiation was in the near-infrared spectrum and not visible
to the human eye.4

(S) Following visual acquisition, the target* was continuously illuminated
with the laser beam. This was accomplished by a self-illuminator delivery
aircraft as in the PAVE KNIFE (F-4D) system or by another aircraft such

as an OV-10 in the PAVE NAIL system. (See Figure 1.) For optimum per-
formance the laser beam had to continuously paint the target from LGB
release to detonation. The reflected laser beam appeared to the LGB
seeker head as energy radiating from a point source. The seeker sensed
the location of this energy relative to the field of view and generated
appropriate guidance signals. These signals produced commands for the
gas-operated control fins which guided the bomb to the source of the
reflected energy. The recommended bomb release altitude was 10,000 to
14,000 feet above ground level (AGL) to allow the LGB time to acquire

and "track" the target. Operating altitudes varied, however, with the

terrain, weather, and enemy defenses. The bomb fell ballistically for

*Note that the requirement existed to estimate an "offset aim point" for
laser designation to compensate for winds during LGB deliveries. See
p. 11, below.
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three seconds prior to starting its aerodynamic maneuvering., At all times
during a bomb's fall, the illuminator aircraft could not exceed 25,000

feet slant range from the target and had to remain within the design‘]imita-
tions of the laser designator.5

(S) Meteorological conditions affected the performance of LGBs. The laser
beam left the aircraft as a beam of coherent monochromatic radiation thinner
than a hair, but in its oblique path toward the target the beam was bent

and diffused by variations in refraction and attenuated by scattering and
absorption. (See Appendix I for exp]aﬁations of meteorological terms and
effects.) When it finally hit the target, it formed a spot up to several
feet in diameter, This radiation then had to reflect from the irregular
surface of the target and reach the seeker in the nose of the LGB with
sufficient intensity to produce lock-on. With moderate to heavy haze

over the target, the laser beam sometimes became so weak and diffuse that
lock-on was imposs%b]e and the bomb began a ballistic (no-guide) trajectory.
Similarly, if either terrain or weather (clouds or haze) obscured the target
so that it was not continuously painted by the laser during weapon guidance,
the bomb began a ballistic trajectory.6

(S) Figure 2 depicts air to ground transmittance values for both laser
(1.06 micron) and visible (0.55 micron) wavelengths for a variety of
meteorological ranges, i.e., instrument-measured visibilities common to
Southeast Asia (SEA). Table 1 gives reflectance values (portion of radiant

energy reflected) for several common targets and backgrounds for the same

two wavelengths. Note that most targets and backgrounds reflect more laser

o on Ox aw o oo M4 v O W B oy Gr ) = G -
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TABLE 1
TARGET AND BACKGROUND REFLECTANCE

Reflectance at Reflectance at
Object .55 Microns 1.06 Microns
Vegetation (mean) 12 .50
Sand (mean) B ; .45
Grass Field .06 +30
Plant Leaves .12 oD
Ground (dark) .05 + 12
Ground (light) .20 .45
Water .04 3
Cloud (dense) .60 .50
Olive Drab Tank .15 «15
Weathered Steel .05 .20
Tan Painted Steel .50 .40
Concrete +25 .50
Asphalt .10 89
Blacktop Road 5 .30
Dirt Road .10 .10
Wood .10 +15
Dead Vegetation 210 L
Earth Works .10 .20
Red Soil «10 .40
6
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(1.06 microns) than visible 1ight radiation. This gave the LGB an advan-
tage over the EQGB in haze penetration because the EOGB operated in the
visible spectral range; however, even the LGB could prove ineffective

when the haze was heavy. For example, for a meteorological range
(visibility) of 2 kilometers (km), and an aircraft flying at an altitude

of 4 km (13,120 feet) acquiring a tan painted steel target, only ébout

6 percent (.40 T down X .40R of tan painted steel X .40T up) of the laser
radiation leaving the illuminator got back to the seeker in the nose of

the LGB. This was the case if the illuminator and the seeker were both
pointing straight down. For oblique angles of view the transmittances were
even lower. On the other hand, concrete runways (reflectance = .50) on a
day with a meteorological range of 13 km (vertical transmittance .82) would
return about 34 percent (.82T x .50R x .82T) of the laser radiation leaving
the illuminator. Surface irregularities on some targets could also cause
the reflected energy to be scattered in varying amounts and in all direc-
tions from the target. Some targets, such as gun revetments, can at times

act as laser energy "sinks" and return little or no radiation.

The EOGB

(S) PAVEWAY II was the code name given a sophisticated weapon using self-
contained television (TV) as a means of guidance. The MK-84 Electro-
Optical Guided Bomb consisted of a KMU-353/B guidance‘and control kit
mounted on the nose of a standard 2,000 pound MK-84 general purpose bomb.
The KMU-353/B kit consisted of a guidance section, a control section, four

stabilizing strakes, and an external electrical conduit. The guidance
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section consisted of a gyrostabilized platform, a five-inch focal-length

TV system (with 525 raster scan lines), an electro-optical contrast tracker,

and associated electronics. The EOGB system sensitivity was defined as
the lowest apparent contrast level which the seeker had the capability to
track and was, in part, affected by weather conditions. Apparent contrast
is defined as the difference in brightness between a target and its back-
ground divided by the brightness of the background--C, = (B, - B})/B,.

A positive value for C, indicates a target is brighter than the background,
while a negative value indicates a background brighter than the target.

To optimize weapon system performance a sensitivity threshold had to be
determined, Initially, there was a requirement that the EO system be able
to track a contrast edge which produced an apparent contrast of 0,25 at
the entrance pupil of the TV seeker. This value, however, was found to

be too high since the system locked onto only those targets which had a
well defined black-white edge. It was also found that an EO system which
would react to an apparent contrast as low as 0.15 would produce equally
undesirable side effects. As the weapon approached the target, it would
detect even minor contrast edges within its field of view and could be
decoyed away from the primary target. A sensitivity setting of approxi-
mately 0.20 was finally selected to give the weapon an acceptable stand-
off capability against most targets, even during less than ideal weather
conditions.7

(S) Target size and configuration were also important factors. Adequate

lock-on required a sufficiently long vertical contfast edge within the




field of view of the seeker. At the center of the TV seeker was a gate
produced by two vertical and two horizontal lines in a "tic-tac-toe" pattern.
This gate was large enough to hold six scan lines at one time. The EOGB
was designed to maintain lock-on from release to impact when at least three
of these six lines intersected the target contrast edge. For this, the
target height had to fill half of the 1.3 mil gate, that is, be 0.7 mil
high. Since one mil is the angle subtended by one foot at a distance

of 1,000 feet, the height of the target determined the maximum slant range
at which a target could be bombed. For example, a seven-foot long verti-
cal edge could be bombed at a maximum slant range of 10,000 feet, because
this was the point at which the seven-foot target would produce a sensor
image.

(S) Atmospheric haze degraded weapon efficiency by reducing the target/
background contrast. At zero distance, the contrast between a target and
its background is called inherent contrast. The apparent contrast is
always less than the inherent contrast because of weather-caused atmos-
pheric attenuation which occurs in the airspace between the sensor and the
target. The greater the distance from target to TV seeker and the more
turbid (optically dense) the air, the bigger the difference between the
apparent and inherent contrast. Haze scatters target imagine-forming
1ight out of the field of view of an optical sensor and also scatters in
non-image-forming light. The apparent brightness of a ground target as

seen from an altitude z,‘Bi,t is equal to the inherent brightness at

0

ground level, Bt

, times the path transmittance, T, plus the haze-induced
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brightness, B*. Thus, Bi = Bz T + B, A similar equation holds true for
the brightness reaching the sensor from the background, B; = BZT + B%,
Thus, at altitude z, the apparent contrast (Ca). already defined, equals
(Bi - B;)/BE. The non-image-forming light or haze light (B*) is frequently
called path brightness. Path brightness is a function of the length of the
viewed path, its angle relative to the sun, the size and density of the
haze particles, and the wavelength of the radiation. The effects of path
brightness may be verified by the reader by looking straight down from an
aircraft and then slowly scanning towards the horizon. The sudden drop-
off in scene contrast is obvious. Additional visual scans at different
angles to the sun reveal the well-known phenomenon (predicted by scattering
theory) that looking into the sun produces maximum path brightness and
contrast loss, while a smaller secondary maximum is found by lTooking directly

down-sun. Angles 90 degrees to the plane of the sun usually produce the

least contrast loss.

Additional Weather Factors Affecting Technical Operations of A1l Guided Bombs

(s) Other weather conditions also adversely affected the operation of guided
bombs. First, the wind velocity and the wind shear below the attacking air-
craft were important factors in determining guided bomb accuracy. Strong
winds or large vertical wind shear caused significant downwind impact errors
because the guidance and control units could not adjust in time to compen-
sate for sudden changes in either wind direction or speed during freefall.

It was, therefore, desirable to plan the release heading either directly

upwind or downwind. Since the wind speed and direction over enemy territory

10




was seldom known with any degree of accuracy, the pilot estimated these
parameters from such observable phenomena as the movement of smoke near

the target. For this purpose, FAC-assisted tactics usually involved the
use of smoke rockets, The illuminator pilot estimated the wind field below
the attacking aircraft and corrected the aim point of the laser designator
relative to the target. No correction was used for winds less than 10
knots., A lack of wind over the target could be equally troublesome because
multiple strikes on a target were not possible if the smoke and dust pro-
duced by the impact of the initial LGB or EOGB were not blown away by the
wind prior to additional strikes. Secondly, attacking aircraft flying
through rain clouds could degrade the performance of LGBs and EOGBs because

precipitation damaged the face of the bombs' seeker heads.

n



CHAPTER 11
THE WEATHER: IMPACT ON PLANS AND OPERATIONS

(S) The impact of weather on guided bomb plans and operdtions was fre-
quently mentioned by General John W. Vogt, Jr., Commander of Seventh Air
Force (7AF), in messages he sent to General John D. Ryan, USAF Chief

of Staff, during the North Vietnamese 1972 spring and summer offensive.
The following are excerpts from a few of those messages:

[021200Z June 72] The last two strikes on the power
plants were below our standards and for this reason
I visited Ubon today to work out any problems they
may have., I am reasonably confident our difficulty
was weather, and not pilots or systems. Cumulus
clouds were drifting across the laser beam in both
instances and probably account for the less than
precise bombing.

[061130Z June 72] Weather, once again, interfered
with optimum use of laser pods. . . .

[101125Z June 72] Weather caused us many anxious
moments today. . . . Weather reconnaissance flights
indicated unworkable weather until just before noon,
and marginal weather at that point. Trusting the
weatherman's forecast, we launched the force with

a 1515 TOT [time over target]. . . . The first
flight found the target clear and rolled in with a
successful run.

[261020Z August 72] With laser work a few clouds

in the local target area can disrupt the entire mis-
sion, as happened yesterday, even though the gen-
eral area had only 3/8ths cloud coverage.

[011031Z September 72] I am attempting to achieve
as much damage to the northeast rail line as is
possible with the few remaining weeks of good laser
weather just ahead of us.

12




[091140Z October 72] In reviewing LINEBACKER opera-
tions of the last several weeks, one thing is appar-
ent. The transitional weather associated with the
pending monsoon shift is causing many problems for
visual strike operations and especially laser guided
weapons delivery.

(U) Since weather conditions did affect the technical operation of guided
bombs, general as well as specific weather problems had to be addressed

in areas where such weapons would be emp1oyed;——f§6-factors;rfdpography

and monsoon winds, influenced the general state of the weather in southeast

Asia, The probability that a particular target would be workable depended
on (1) its location relative to the Annam Mountain Range, which parallels
the coast of Vietnam, and (2) whether the Northeast or Southwest Monsoon

was the dominant weather system,

The Northeast Monsoon

(4) The Northeast Monsoon, so named because the low level wind flow is
predominantly from the northeast, begins in late October and lasts through
mid-March. The wind flow is across the water and brings clouds and rain

to those portions of North Vietnam and upper South Vietnam between the

sea coast and the mountains. The Annam Mountains served as an effective
natural barrier in preventing the penetration of moisture to the interior
regions of SEA. Consequently, the Northeast Monsoon brings're]atively

dry and cloud-free weather to Laos, Thailand, Cambodia, and southern South
Vietnam., The passes between North Vietnam and the Ho Chi Minh Trail are
often cloud-free during this time of year, but this depends on the strength

of the winds and the amount of clouds which spill over the mountains and

13
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cover the Trail. During the late winter and early spring the farmers burn
their fields, and heavy smoke haze often reaches to 20,000 feet. Horizontal
visibilities aloft of less than three miles and vertical visibilities of
only a few thousand feet are common during this period. During the two
hours after sunrise and before sunset, slant range visibility, especially
into the sun, is extremely limited, severely affecting air operations.

In addition, the North Vietnamese deliberately set fires to}hamper U,

military operations.

The Southwest Monsoon

(U) The spring transition period begins in mid-March. Low level wind flow
gradually turns southerly in April and by May southwesterly winds prevail
over most of SEA.' By this time cloudiness and rain oief interior regions
have increased significantly. The Annam Mountains again act as a barrier,
and so much of North Vietnam is relatively cloud-free. The Ho Chi Minh
Trail, which averages one or two inches of rain during the Northeast Mon-
soon, now experiences its wet season and vehicular traffic is severely
retarded., September is the last month of the wet season over the interior.
By the second half of the month the autumn transition period begins. From
mid-September to mid-October, a significant decrease in connected cloud
activity and precipitation occurs over interior SEA. By late October,

once again, the Northeast Monsoon begins to dominate the general weather

pattern,

14
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Mission Planning

(S) Weather played an important part in mission planning. A major limita-
tion on tactics involving both LGB and EOGB weapons systems was that good
weather was essential for long-range standoff delivery. Clouds, haze,

high winds, and precipitation all reduced the effectiveness of such wea-
pons. Accurate forecasts were a major factor in achieying successful
guided bomb strikes. A clear line of sight to the target was an absolute
necessity. In the case of the LGB, the laser illuminator could not pene-
trate even the thin clouds. The EOGB had to "see" the target to acquire
and lock on prior to release. For planning purposes, three-eighths or less
cloud cover below 18,000 feet and visibility greater than three miles were
considered favorable for LGB and EOGB operations. Four-eighths and five-
eighths was marginal, and six-eighths or more with visibility less than
three miles was unfavorable. While the cloud cover over enemy territory
could be observed with meteorological satellites and forecast with acceptable
accuracy, the visibility could not be remotely measured or forecast with
the precision required for optimum EO system performance. As already men-
tioned, above, visual recognition/identification was the sine qua non

of guided bomb tactics. Given that the cloud cover over a target was

less than three-eighths, the probability of mission success was still
uncertain because of the low-level haze common to SEA. Even after pre-
strike weather reconnaissance appraised the target weather as favorable

for tactical operations, rapid changes in the haze level sometimes pro-

duced unacceptable or unworkable conditions by the planned TOT. Consequently,
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many strikes diverted to secondary targets because the primary target was
unworkable. Cloud forecasts for guided bomb operations were routinely
given to mission planners 24 hours in advance and updated six to eight
hours prior to TOT. Visibility, or more properly "seeability," forecasts
were also prepared, but with less confidence. The impact of “seeability"
on tactical air operations will be discussed in greater detail later.

(S) Another important aspect of mission planning was intensive and thor-
ough target study. Successful LGB and EOGB strikes demanded painstaking
preparation on the part of the Intelligence, Operations, and Plans

staffs and a detailed prestrike briefing of the aircrew involved. Terrain
features, cultural areas, target dimensions, target construction, and the
similarity of nearby features to targets were but a few of the things

that had to be known and understood thoroughly. In addition to these
factors, EOGB strikes required special preplanning which considered sun
angle and shadows. Shadows could create either desirable or undesirable
contrast edges from the target or adjacent objects, respectively. Since
the spectral response of the pilot's eyes and the EOGB are similar, the
pilot's ability to clearly see and identify targets was normally a valid
indication that an EO system could hit them. Aircraft headings into or away
from the sun were avoided since they produced maximum target contrast loss.
Reconnaissance photos of the targets were studied to determine the best
contrast edge for the planned aiming point. Targets which had several
identical contrast edges that could simultaneously appear within the field

of view of the TV seeker were particularly difficult to hit successfully.

16
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A good example is a bridge with sevefa] vertical concrete supports. The
EOGB TV seeker, unable to decide which of several equally well-defined

edges to lock onto, would shift its focus from one bridge support to the
next and finally impact the river bank at one end of the bridge. It was,
therefore, imperative that the pilot select an area on the target with

only one high contrast edge appearing on his scope. This would normally
preclude the EOGB from being decoyed in flight by other contrast edges.9

(S) Another weather-related factor.considered by mission planners was

the use of smudge pots by the North Vietnamese to obscure large, important
targets and degrade guided bomb effectiveness. In such instances, a weather
forecast of conditions which would result in rapid clearing of any smoke
accumulations and a reasonable chance of mission success prompted planners
to strike the target with guided bdmbs. A forecast of 1light winds and heavy

haze conditions, on the other hand, usually resulted in planners moving

guided bomb missions to other target areas.

Operational Employment of Guided Bombs

(S) The "seeability" in the neighborhood of the target directly influenced
both the attacking altitude and the total time spent over the target. Thus,
weather-caused atmospheric attenuation was an important factor affecting
guided bomb tactics; it was directly related to the degree of hostility

of the target environment.

(S) Over low threat areas with little or no defending ground fire, the
attacking aircraft commander could fully employ all the potential inherent

in guided weaponry. If weather factors precluded achieving a lock-on at

17
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12,000 to 14,000 feet, he could descend, approach the target from a variety
of headings to find a cloud-free line of sight, achieve the lock-on, and
release the weapons with some certainty of target destruction. The "one
bomb to destroy one target" concept of guided weaponry was most commonly
achieved in a low threat environment under favorable weather conditions.
Even if the first bomb missed the target in a low threat area, aircraft
could remain in the area for additional deliveries.

(S) Inan 11 September 1972 message concerning low-threat EOGB tactics,
the 8th Tactical Fighter Wing (TFN) stat:ed,]0

High angle deliveries are appropriate on bridges or
targets with some vertical dimension, Only one wea-
pon should be expended by each aircraft with a release
altitude of 12,000 feet or greater AGL, 30 to 60
degrees dive angle and .82 to .90 mach. A minimum
acceptable parameter would be a 10,000 foot AGL release;
low angle deliveries are more desirable for caves and
storage areas near karst networks. Weapons release
should occur at 28,000-30,000 feet slant range, up

to 30 degrees dive angle and .87 to .90 mach. This
equates to a minimum release altitude of 4,900 feet
for a 10 degree dive. It is imperative that a good
lock-on be attained for at least 5 seconds before
release to insure a good contrast lock during low
angle deliveries. A flight of two aircraft is effec-
tive for both low and high angle deliveries. The

lead aircraft can deliver separately, one weapon on
one pass, while the wingman provides element support.
The roles then reverse and the wingman expends his
weapons. '

(S) Note that, while not mentioned, the tactics just described demanded
nearly ideal weather conditions. At 28,000 to 30,000 feet slant range,
only very large, high-contrast targets (concrete runways, large bridges,

etc.) could be "seen" by the EOGB TV seeker with the haze levels ambient

18
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over North Vietnam. For smaller, less well-defined targets, the moderate
to heavy turbidity of the SEA air would force the attacking aircraft to
descend to very low altitudes for lock=-on.

(S) In high-threat areas the optimum launch altitude for LGB/EOGBs was
12,000 to 14,000 feet. While a broken to overcast middle cloud layer at
10,000 to 14,000 feet allowed the attacking aircraft to work beneath the
clouds, the pilots usually preferred to stay above 10,000 feet because
North Vietnamese antiaircraft artillery (AAA) was much less effective above
10,000 feet than below. However, flying at that altitude above an over-
cast also was dangerous since surface-to-air missiles (SAMs) could suddenly
appear through the clouds, catching the attacking aircraft with little
chance for evasive action. A prestrike weather forecast or reconnaissance
report of marginal weather over targets in high-threat areas usually
resulted in the cancellation of the planned bomb strike. Hfgh priority
targets, however, were sometimes attacked even under marginal conditions.
(S) The target environments over the upper regions of North Vietnam were
as hostile as any likely to be encountered anywhere by tactical aircraft.
Tracked by enemy radar even prior to ingress, subject to SAM and AAA fire
from below and MIG attack from any direction, the pilot quite naturally
wanted to keep his total time over the target to a minimum. To quote the
8th TFW manual on mission employment tactics, "Timing is of the essence,
the mission itself is simply a mass roll in, one pass, haul ass, and RTB

11
(return to base) operation.”
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(S) For such tactics to be successful, it was imperative that the amount

and Tocation of clouds or haze layers over the target be known. A pre-

planned c]oud-freérattack heading sometimes had to be aborted due to 11nél
of-sight problems; and another heading, while cloud-free, was possibly

over unacceptable threat areas or involved angles producing minimum laser
reflectance from the target. Following the manual's guidance, the flight
leader illuminated the target with his laser and, on command, all aircraft
released their LGBs. Most targets were struck with a flight of four air-

craft delivering eight bombs simultaneously. Occasionally, four bombs would

be used on target, saving the other four for another target or as a back-up.
This tactic usually resulted in the destruction of the target with a single
pass. In the northern half of North Vietnam, where many targets were camou-
flaged, target acquisition--especially for EOGBS--was difficu]t. This resulted
in both decreased accuracy and increased TOT, Consequént]y. LGBs were employed
over heavily defended targets in the northern one-half of North Vietnam, almost
to the exclusion of EOGBS, which were largely limited to use over the more
1ightly defended targets in southernmost North Vietnam and northern South
Vietnam. Nevertheless, EOGB tacfics did exist for high threat areas, and

12
such tactics were addressed in an 8th TFW message thus:

High angle deliveries are mandatory in a high threat
area, A 30 degree dive, .82 to .90 mach and a release
altitude of 12,000 feet AGL are considered optimum
by each aircraft. The delivery of two weapons on one
pass usually forces the aircraft into more of the AAA
environment while increasing the probability of an
unsuccessful weapon through acquisition or tracking
problems. Dive angles of 45 degrees or greater require
excellent crew coordination but afford the best

20
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contrast for bridges, buildings and military complexes.
A flight of two aircraft is not desirable due to lack
of mutual support during the ingress/egress; but in
the immediate target area, four aircraft delivering
simultaneously are attempting to achieve individual
release parameters and mutual support will be lost.
Therefore, the lead aircraft should achieve para-
meters as required by the target and threat with the
flight in pod formation. After established on the
roll-in heading each aircraft acquires the target and
pickles separately. Separate aim points should be
briefed to increase target coverage and preclude tar-
get masking from one bomb impact to subsequent bomb
impacts. The flight leader must also brief a minimum
release altitude; if an aircrew has not released by
the minimum altitude, the pass will be aborted and
flight integrity will be maintained.

Note that by employing high dive angles in high-threat areas the path
length between the aircraft and target is minimized, resulting in the least
target/background contrast loss. Also, geometric considerations indicate
that for a given amount of clouds below the aircraft, the higher the dive
angle, the greater the probability of seeing the target. Thus, high dive

angles optimized the chances for successful single-pass EO strikes.
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CHAPTER III
MISSION EFFECTIVENESS AND WEATHER

The EQGB

(S) Table 2 lists EOGB expenditures data for the period 1 February
through 31 December 1972, 0f a total of 883 EOGB weapons scheduled
(fragged) only 329 were released. The remainder were cancelled either

on the ground or after takeoff for reasons listed under the heading CANCELLED
OR RETURNED in the table. A total of 280 (or roughly 32 percent) of the
EOGBs fragged were cancelled due to weather, the largest single reason for
mission cancellation. Note that in November and again in December the
bulk of cancellations were caused by adverse weather conditions, which
resulted from the Northeast Monsoon over SEA. These are carried in the
table under WEA, CANCELLED OR RETURNED. Weapons released and failing to
guide to the target because of clouds, haze, or other weather-related
factors are tabulated on the right side of the table under WEA, REASONS
FOR NO-GUIDES. Note that of the 89 no-guides that occurred during this
period only one was judged to be due to weather.

(S) One rather striking aspect of the "Reasons for No-Guides" was the
large number of no-guides listed under Unknown--over 40 oercent. Evi-
dence suggests that many of these "unknowns" were in fact caused by
unfavorable weather. This can be proven both theoretically and from actual
measurements of contrast loss from aerial reconnaissance photography. The

quest1on arises, then why the pilots did not recognize those occasions

22
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when the weather caused the bomb not to guide. The answer possibly lies
in the subtle and not easily recognized impact of atmospheric attenuation
on EO systems 5;65;6 the relative ﬁnfamiliarit&-of many pilots with the
practical aspects of light-scattering theory. Discussions with numerous
8th TFW pilots verified that most did not fully understand the total
impact of weather effects. For example, one pilot asserted that he
preferred an attack heading into the sun because this enhanced the tar-
get shadow effect. He did not understand that such a heading also maxi-
mized the effect of atmospheric haze.]3

(S) In addition to the statistical data already mentioned, many EOGB
reports of the month or week also contained short remarks which aptly
described EOGB sysfem problems caused by weather and related factors.
During the Southwest Monsoon rainy season the weapon experienced many
problems due to moisture in the system. The weapon had to be grounded for
a period of time until improved kits were flown in from the U.S. A new
electronic countermeasure (ECM) pod also caused considerable electro-
magnetic interference problems because it produced massive distortion

of the TV picture. A wire screen placed over the lens eliminated this
distortion but degraded contrast and reduced the lock-on capability of
the weapon. Bright sunlight, high contrast targets, and ideal weather
were required before the weapons would work effective]y.]4

(S) Specific weather-related performance problems with EOGBs were
pointed out in an 8th TFW message to Seventh Air Force on 12 August

15
1972:
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Only very large, high contrast targets permit the
weapon to be employed using acceptable parameters
for high threat areas. Acceptable parameters are
releasing the weapon no lower than 10,000 feet

AGL from a 30 degree dive. This requires a tar-
get large enough and with sufficient contrast to
lock the weapon onto it by 13,000 feet AGL. Of
course, the sun angle, cloud cover, and visibility
must also be fayorable to meet these parameters.
The EOGB is difficult to use for multiple strikes
on the same target. The first impact will destroy
the target contrast for subsequent weapons and
cause them to break lock.

(S) In spite of these problems,_Headquarters USAF was interested in
increasing the employment of EOGBs in place of LGBs in the summer of
1972. In a 30 July message, General John D. Ryan expressed concern over
losses of PAVE KNIFE aircraft delivering LGBs. General Ryan suggested

that future losses could possibly be minimized by an increased applica-
16
tion of EO weapons. The EOGBs had shown good results recently; however,

General Vogt qualified those results and explained 7AF's preference for

the LGB in a message to General Lucius D. Clay, Commander-in-Chief,
17
Pacific Air Forces:

We agree that the EOGB with a modified guidance unit
has potential under certain conditions, and we are
using it whenever conditions permit. Particular
effort is being expended to identify targets suitable
for attack by EOGB and to obtain the quality of
oblique photography necessary to insure successful
operations. The results reflected in recent 8TFW
operations may suggest an overall effectiveness that
is not altogether justified in consideration of the
several limitations inherent in the system. All of
the weapons upon which these results were based were
employed in the relatively low threat environment

of RP [route package] -1 (southernmost North Vietnam).
Conditions there permitted selection of ideal sun
angles and axis of attack, low release by single
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